A survey of SalmoneUa infections was carried out over a 1-year period in the rural community covered by the Hospital Reina Sofia (Tudela, Spain). The 255 strains that were collected were studied by serotyping, antimicrobial resistance, and plasmid profile analysis. The predominant serotype was S. enteritidis (85.90%), followed by S. typhimurium (7.06%) and S. virchow (2.36%). Only 7.84% of the strains were resistant to antimicrobial agents. The most common resistance was to beta-lactam antibiotics. This resistance was due to the presence of one of two types of (8-lactamases, TEM-1 or TEM-2. Resistance to kanamycin was associated with the synthesis of a 3'-O-phosphotransferase. The resistance to streptomycin and chloramphenicol was either not enzymatic or was due to a 3"-O-phosphotransferase and a chloramphenicol acetyltransferase, respectively. Analysis of total plasmid DNA content revealed the presence of plasmids in 96.08% of the isolates. According to their plasmid profile, the strains could be classified into different groups. The three main groups, which accounted for 50.19, 20.78, and 4.70% of the isolates, respectively, corresponded to the antimicrobialsusceptible S. enteriidis serotype. These results suggested that plasmid profile analysis in conjunction with antimicrobial resistance determination can be useful for subtyping resistant Salmonella isolates.
Salmonellas are major, increasingly important, causes of food poisoning throughout the world (1, 7) . In Spain, they are the principal etiological agent of gastroenteritis (9) . The present understanding of the epidemiology of salmonellosis comes primarily from investigations of outbreaks. Several different methods, including serotyping, biotyping, phage typing, and antimicrobial susceptibility testing, have traditionally been used to trace outbreak strains. In recent years, these epidemiological studies have been improved by the application of molecular techniques, such as plasmid profile analysis (22, 30) , DNA restriction fragment polymorphism (34) , chromosomal probe fingerprinting (33) , and multilocus enzyme electrophoresis (4) .
Plasmid pattern determination has proven to be a useful epidemiological tool in outbreaks of salmonellosis caused by different Salmonella serotypes (5, 12, 18, 20, 26, 31) . In comparative studies of S. typhimurium, it was concluded that plasmid profile analysis appears to be as specific as phage typing in identifying related or unrelated isolates from outbreaks (6, 14, 16) . Besides, Rodrigue et al. (27a) compared plasmid profiles, phage types, and antimicrobial resistance regarding their usefulness as epidemiological markers for S. enteritidis and concluded that the plasmid profile and phage type effectively determined the subtype of this serotype.
Plasmid profiles are most useful when they are combined with other methods for screening or typing (16, 22) . Therefore, in this study, the serotype, antimicrobial susceptibility pattern, enzymatic mechanisms of antimicrobial resistance, and plasmid profile were used in combination to investigate the human Salmonella infections diagnosed over a 1-year period in the geographic area of the Hospital Reina Sofia (Tudela, Spain), a rural community with 80,000 inhabitants.
(Part of this work was presented at the 16th International Congress of Chemotherapy, Jerusalem, Israel, 1989 [26a] .) * Corresponding author.
MATERIALS AND METHODS
Bacterial strains and plasmids. A total of 255 strains of Salmonella, isolated between 1 February 1988 and 31 January 1989 from patients in the geographic area of the Hospital Reina Sofia, were studied. The strains of Salmonella that were isolated more than once from the same patient were eliminated. For each isolate, the date of isolation, the location, and the source were recorded. The standard bacterial strain used for conjugative plasmid transfer experiments was Escherichia coli K-12 J62 (F-Nal pro his lac) (2) . Reference plasmids for determining the molecular sizes consisted of R144 (93 kb), RP4 (54 kb), N3 (50 kb), and S-a (45 kb) (29) .
Phenotypic characterization of isolates. All isolates were serotyped by established procedures for cell wall (0) and flagellar (H) antigen identification (10) . The biochemical test reactions and MIC determinations were performed in a Pasco System (Pasco Laboratories, Inc., Wheat Ridge, Colo.). The antibiotics assayed were ampicillin, ticarcillin, mezlocillin, piperacillin, cephalothin, cefoxitin, cefamandole, cefotaxime, gentamicin, tobramycin, amikacin, chloramphenicol, tetracycline, trimethoprim-sulfamethoxazole, and norfloxacin. The strains were further tested for their susceptibilities to antimicrobial agents by using the agar diffusion method of Bauer et al. (3) with commercial disks (Difco Laboratories, Detroit, Mich.). The drugs assayed were carbenicillin, azlocillin, streptomycin, kanamycin, sisomicin, dibekacin, netilmicin, fosfomycin, and nalidixic acid.
Conjugation procedure. Transfer of R plasmids from Salmonella isolates to E. coli K-12 took place in liquid medium at 37°C (36) . Transconjugants were selected on MacConkey agar (Difco) containing the following antibiotics at the indicated concentrations: ampicillin, 50 ,ug/ml; tetracycline, 10 ,ug/ml; kanamycin, 25 jxg/ml; gentamicin, 10 ,ug/ml; tobramycin, 10 jig/ml; streptomycin, 10 ,ug/ml; fosfomycin, 100 ,ug/ml; and nalidixic acid, 250 ,ug/ml. To determine the mechanism of chloramphenicol resistance, crude cell extracts were tested for the presence of chloramphenicol acetyltransferase (CAT). The radioenzymatic assay for CAT was performed by the method described by Robison et al. (27) . The reaction mixture consisted of 10 plI of 1 M Tris hydrochloride (pH 7.8), 65 ,ul of water, 10 p,l of ['4C]acetyl coenzyme A (8 p,Ci/,umol/ml), 10 ,ul of crude cell extract, and 10 ,ul of chloramphenicol (16 mg/ml). Assays were incubated at 37°C for 15 min. Direct extraction of 14C-acetylated chloramphenicol from the water phase into the toluene phase was accomplished by the addition of 4 ml of scintillation fluid.
Plasmid profile. The plasmid profiles of the Salmonella isolates and E. coli transconjugant strains were studied. Plasmid DNA was isolated and purified by the alkaline lysis technique described by Maniatis et al. (21) . All plasmid DNAs were electrophoresed on 0.7% horizontal agarose gels in Tris-borate buffer (22) . Reference plasmid DNAs and A DNA Hindlll digest (Pharmacia) were included as molecular weight standards. Gels were stained with ethidium bromide (0.5 ,ug/ml) and photographed under UV transillumination with Polaroid type 667 film.
Plasmid DNAs from 10 transconjugant strains with identical or similar antibiotic resistance patterns were analyzed by restriction endonuclease digestion, using the enzymes EcoRI, EcoRV, Hindlll, and PstI, under the conditions recommended by the supplier (Boehringer Mannhein Espafia Biochemicals, Barcelona, Spain). The resulting digests were subjected to electrophoresis on 0.9% horizontal agarose gels. transferred via conjugation to the E. coli recipient strain and the conjugative R plasmids. These R plasmids were found in 12 (60%) of the 20 resistant strains.
RESULTS
The E. coli transconjugant of S. enteritidis strain (group XI) carried two plasmids of 104 and 3.0 kb. Since the 3.0-kb plasmid is too small to be self-transmissible, this finding indicates that the 104-kb plasmid cotransfers the small plasmid.
No plasmid DNAs were detected in any of the two S. virchow transconjugant strains (groups III and IV). However, donor strains not only harbored plasmids but also transferred, by conjugation, all of their antibiotic resistance markers at frequencies of transfer of 3 x 10-2 and 2 x 10-4, respectively. These results suggest the presence of a multiresistant transposon in those strains. Beta-lactam resistance R plasmids of S. enteritidis strains (groups IV and V) revealed identical DNA fragment patterns by restriction endonuclease analysis. Moreover, these two banding patterns and the restriction patterns of group VII strains were similar, indicating that all three constituted a subgroup of R plasmids with a common origin, differing only in the number of DNA bands according to the plasmid size (32, 50, and 41 kb). In contrast, very few coincidences were observed in the digestion pattern of the beta-lactam resistance plasmid found in an S. typhimurium isolate (group V) and the subgroup mentioned above.
DISCUSSION
The aim of this study was to investigate the epidemiology of human Salmonella infections that broke out in our geographic area over a 1-year (28) . The incidence rate of S. typhimurium (7.06%) was very low when compared with the data from other countries where this serotype is more common (15, 23, 35) .
Antimicrobial susceptibility analysis revealed that only 7.84% of the strains were antibiotic resistant. However, not all serotypes had similar frequencies of resistance. We draw attention to the high percentage of resistant S. typhimurium isolates compared with the percentage of resistant S. enteritidis strains and the differences found between the antimicrobial resistance patterns and the resistance mechanisms of these two serotypes. Our results are coincident with other published data which state that the antibiotic resistance frequency for S. typhimurium is increasing, while for S. enteritidis the incidence remains at low and stable levels (8, 19, 35) . On the other hand, antimicrobial resistance studies enabled us to differentiate resistant from susceptible isolates of the same serotype. Moreover, this analysis, in conjunction with plasmid profiles, was useful in subtyping antibioticresistant strains, namely, S. enteritidis groups IV, V, and VII and S. virchow groups III and IV.
Plasmid profile analysis seemed to differentiate the susceptible strains of the serotypes S. typhimurium, S. virchow, and S. muenchen. Furthermore, our data confirm the usefulness of plasmid profiles for identifying epidemiologically related isolates of S. typhimurium groups I and II (6, 14) (17, 20, 33) who conclude that much more information of epidemiological value may be obtained when plasmid profile analysis is used as a complement to other typing systems.
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